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ABSTRACT 

Anisophylly and anisociady, features considered rare in the Amaranthaceae, were observed within some members of the subfamily 
tnphrenoideae (Aniaranthaceae) during collection of specimens for molecular phylogenetic analysis. Phyllotaxy. equality of leaf size 
inapposite leaves at a single node, and branching pattern were surveyed within the family to determine their occurrence and potential 
UUDtiomic utility Taxonomic occurrence of anisophylly and anisociady within Aniaranthaceae and the potential significance of their 
presence are discussed. 


RESUMEN 

u amsohlia y la anisocladia, caracteristicas consideradas raras en las Amaranths 


, fueron observadas en algunos miembros de la 
subhtmiia Gomphrenoideae (Aniaranthaceae) durante la recoleccion de especimenes para analisis filogeneticos molcculares, Se estudid 
bfilotaxis, igualdad de tamano en hojas opuestas en un nudo, y patron de ramificacion en la familia para determinar su presencia y 
potential utilidad taxondmica. Se discute la presencia de amsofilia y anisocladia en las Aniaranthaceae y el significado potential de 


suprt cia 


INTRODUCTION 


Anisophylly refers to the insertion of leaves of different sizes along a stem. The anisophyllous condition is 

dten found on stems exhibiting plagiotropy (horizontal growth) and anisociady, the differential development 

d axillary buds along a stem (Dengler 1999). Anisophylly is prevalent among tropical plant families with a 

decussate leaf arrangement (e.g., Acanthaceae, Gesneriaceae, Melastomataceae, Rubiaceae, and Urticaceae) 

15 well as among some temperate trees such as Acer L. and Populus L. (Sanchez-Burgos & Dengler 1988; 
Dengler 1999). 

The Aniaranthaceae s.s. is a primarily tropical family of flow r ering plants consisting of approximately 
genera and 1,000 species classified in the Caryophyllales (Townsend 1993). Morphologically, the Ama- 
wt aceae is sister to the Chenopodiaceae with which it shares numerous morphological characteristics 
whn 1993; Townsend 1993; Kadereit et al. 2003 Pratt 2003; Muller & Borsch 2005). Molecular-based 

f °genetic studies of the Caryophyllales have shown the Chenopodiaceae-Amaranthaceae alliance to be 
^nophyletic (Manhart & Rettig 1994; Downie et al. 1997; Cuenoud et al. 2002; Pratt 2003; Kadereit et 
* Muller & Borsch 2005). Phylogenetic studies with a large sampling of both Aniaranthaceae and 
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nopodiaceae support a monophyletic Amaranthaceae within a paraphyletic Chenopodiaceae (Cuenoud 
^002, Pratt 2003; Kadereit et al. 2003 Muller & Borsch 2005). The Angiosperm Phylogeny Group 


ID/ 
'MJ? 


nitr 
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003) formally recognized a single family under the name Amaranthaceae for this alliance. For the 
1 0 ^is paper, however, we will refer to Amaranthaceae in the si rict sense. 

e Amaranthaceae has traditionally been divided into two subfamilies (Schinz 1934; Townsend 1993), 
^ nthoideae and Gomphrenoideae, based on anther locule number (Table 1). The Amaranthoideae has 
l’ ( p. f divided into tribes and subtribes (Schinz 1934; Townsend 1993) based on ovule number (Table 

' is variable within the Amaranthaceae (Table 1) but alternate leaves are diagnostic for Celosieae 


^twrtspondence, 
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Table 1 . Morphological characters of the subfamilies, tribes, and subtribes of Amaranthaceae. 



Anther locales 

Ovule Number 

Phyllotaxy 

Amaranthoideae 

4 

1 -many 

Alternate/Opposite 

Celosieae 

4 

many 

Alternate 

Amarantheae 

4 

1 

Alternate/Opposite 

Amaranthinae 

4 

1 

Alternate 

Aervinae 

4 

1 

Alternate/Opposite 

Gomphrenoideae 

2 

i 

Opposite 

Pseudopiantageae 

2 

1 

Opposite 

Gomphreneae 

2 

1 

Opposite 

Froelichiinae 

2 

1 

Opposite 

Gomphreninae 

2 


Opposite 


and Amaranthinae in the Amaranthoideae whereas opposite, decussately arranged leaves are diagnosi 
for Gomphrenoideae (Townsend 1993). The character is polymorphic within Aervinae, occasionally ben 
polymorphic within a population ot a single species (Townsend 1993). 

While collecting Amaranthaceae in Texas for molecular phylogenetic research on the Chenopodiaceae- 
Amaranthaceae alliance, it was noted that several genera of Gomphrenoideae (e.g., Gui/Jemintu Kunth. 
Tidc&tromia Standi., and Alternanthera Forssk.) appeared to have alternate leaves, an unexpected condition 
within the subfamily. Further examination of the collected specimens revealed that the taxa in question 
have opposite leaves, but that the taxa superficially appear alternate-leaved due to a combination o\ antso- 
phylly and anisoclady A morphological survey of the family was conducted to determine the prevalence, 
phylogenetic distribution, and potential significance of these characters within the Amaranthaceae. 


MATERIALS AND METHODS 



Taxon Sampling. —Herbarium specimens from 24 genera and 52 species of the Amaranths* ie, 
ing members ol both subfamilies and all tribes except the monotypic Pseudopiantageae (Ciomphrcnoideac 
were surveyed. Both subtribes of Amarantheae were also sampled. Multiple species were sampled Itoja 
Cfaarpenitera Gaudich and the large genera Alternanthera . Amaranthus L., Gomphrena L., Iresine P Bro^n . 
and Pjajfia C. Man. (Table 2). 

Character Sampling. —Phyllotaxy, equality of leaf size between a pair of leaves at a single node, 
branching pattern were examined directly from herbarium specimens using a dissecting scope and a nu 
lied Pohls solution (Pratt » lark 2001) where necessary as follows (Table 3). 

• Phyllotaxy was examined from all taxa and recorded as alternate or opposite. 


d ono 




at a newt 

h 


Equality of leaf size at a single node is inapplicable to alternate-leafed taxa, and was examine 
opposite-leafed taxa. Leaf equality was recorded as isophyllous when both leaves of a pair 
were of equal size, or as anisophyllous when one leaf of the pair was larger and better develops 1 
the second. 


Leaf equality was quantified by measuring the lengths of leaf pairs from three nodes and ealeu 


the size ratio using the average leaf sizes in opposite-leaved taxa using herbarium specimen 

!Cr VirW_1- _I_,, •%««« « » __ 


ISC, and MO) or digitized computer images (GH, K, and NY). Measurements on digitized image 
made only when leaf pairs were unambiguous, a situation that was difficult to measure on anm 
lous taxa. The length ratios were calculated (Table 4) and analyzed using t-Tests assuming 
and unequal variances with JMP 8.0.1 statistical software (SAS 2002). 

• Branching pattern was observed from all taxa and recorded as either isocladic or anisoc ladic In ^ 

opposite leaves, anisocladic branching was recorded for those taxa in which only one bud at a m 
oped into a branch Isocladic branching was recorded when both buds at a node developed inn nt 
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2. Specimens examined. ASTC= Stephen f. Austin State University Herbarium, BPM= Borsch, Pratt, and Muller, 6H= Gray Herbarium, ISC= Iowa State Ada Hayden 
Mrium, K= Kew BomimqI Garden. MO* Missouri BOOtfOl GafdWl iFTi.irium, fflf= New Von BdBltQl Garden fjlimbeK fit paten'heses mdirate nuifttef Of (jfilfti/ 
sceoes per indicated taxon (Townsend 1993) 

taxon Location, collector name and number, herbarium 


Amaranthaceae (69/780) 
Amaranthoideae (55/409) 
Amarantheae (50/333) 


Amaranthinae (12/92) 

Amaranthus blitoides S. Wats. 

Amaranthus retroflexus L 
Sosea yervamora L. 

Chamissoaaltissima (Jacq.) Kunth 
Charpentiera obovata Gaud. 

Chorpentiera ovata Gaud. 

Aervinae (38/241) 

Achyranthes bidentata Blume 
Aervajavonica (Burm. F.) Juss. 

C-olicorema capitata (Moq.) Hook/. 
tiototrichium humile Hillebr. 

Pandiaka heudelotii (Moq.) Benth. & Hook. 
Ptilotus obovatus (Gaudich.) F. Muell. 

Pupalia lappacea (L.) Juss. 


Ames, Iowa, Pratt200 (ISC) 

Ames, Iowa, Pratt 199 (ISC) 

Canary Islands, Kunkel 12484 (MO); 

Canary Islands, Bramwell 1326 (MO) 

Bolivia, Nee 40597 (ISC) 

Oahu, Hawaii, Perlman & Lau6125 (MO) 

Maui, Hawaii, Sohmer6594 (MO) 

Ames, Iowa, Pratt 201 (ISC) 

Pakistan, Ajab&Ashraf 1254 (MO) 

South West Africa, Giess, Volk, & Bleissner 6206 (MO) 
Oahu, Hawaii, Degener s.n. (ISC) 

Burundi, Lambinon 78/84 (MO) 

Australia, Conn 2285 (MO) 

Ghana, Schmidt, Amponsah, & Welsing 1881 (MO) 


Ceio sjeae (5/7fi) 

•Celosia argentea L. 

Oeenngia polysperma (Roxb.) Moq. 
H&Ptibstaedtia glauca Moq. 

Plearopetalum s prncei (Hook. F.) Standiey 


Ames, iowa, Pratt 222 (ISC) 

Taiwan, Shu-Hui Wu 1153 (MO) 

South Africa, Esterhuysen 240 (MO) 

Costa Rica, Jimenez & Soto 981 (MO); 
Costa Rica, Haber & Zuchowski 9397 (MO) 


^BBhre noideae (3fi/37i) 

A'temanthera albida (Moq.) Griseb. 
Altemanthera areqipense Suess. 
AHernanthera bettzickiana (Regel) Standi. 
Altemanthera brasiliana (L) Kuntze 
Memamhera caracasana Kunth 
ternanthera ficoidea (L.) R. Br. 

Alternant hero morongii Rusby 
ternanthera philoxeroides (Mart.) Griseb. 
ternanthera polygonoides (L.) R. Br. 
ternantherapungens Kunth 
ternanthera repens (L) Kuntze 

Wwwnthera sessilis (L.) R. Br. ex DC. 


Argentina, s.c. s.n. (K) 

Arequipa, Peru, Pennell 13131 (NY) 
Nacogdoches, Texas, Banks 2046 (ASTC) 

Brazil, Tsugaru & Sano B-223 (NY) 

Alpine, Texas, BPM 3433 (ISC) 

Puerto Rico, Luquillo, Liogier & Liogier 31 898 (NY) 
Asuncion, Paraguay, Morong 40 (NY) 

Chamber Co, Texas, Jones 1623 (ASTC) 
Montgomery Co, Texas, Raines 258 (ASTC) 
Carlsbad, New Mexico, BPM 3449 (ISC) 

Hamilton,Texas, Stanford J337(ASTC) 

Concordia Parish, Louisiana, Thomas, Martin, 


^ternanthera tenella Col la 


: it nr 



Go 
r. 


vermicularis (L.) Meats 
^tehchia floridana (Nutt.) Moq. 
*°nphrena albiflora Moq. 

Wphrena arborescens L.f. 

m Phrena globosa L. 
fnphrena lutea Rusby 
wnphrena pungens Seub. 

serrata l. 

xt^'Phrena silenoides Chodat 


Scarborough, & Slaughter 106,565 (ASTC) 

St. John, Virgin Islands, Acevedo-Rodriguezetal. 2913 (NY) 
South Padre Island, Texas, BPM 3444 (ISC) 

Mcintosh Co., Georgia, Duncan 20458 (ISC) 

Colombia, Dawe 527 (K) 

Mato Grosso do Sul, Brazil, Lindman A2497 (NY) 

Ames, Iowa, Pratt228 (ISC) 

Ixiamus, Bolivia, Cardenas 1911 (NY) 

Minas Gerais, Brazil, Pirani et at. CRCR8686 (NY) 

St. Thomas University, Virgin Islands, 

Acevedo-Rodriguez 11372 (NY) 

Paraguay, Hassler 7491 (NY) 
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I*6if 2. continued 

Taxon Location, collector name and number, herbarium 


Guillemineadensa (Humb. Bonpi.) Moq. 
Gossypianthus lanuginosa Poir.) Moq. 

Iresine alternifolia S. Watson 
Iresine angustifolia Euphrasen 
Iresine argentata (Mart.) D. Dietr. 

Iresine diffusa Humb. & Bonpi. ex Willd. 
var spiculigera Eliasson 
Iresine grandis Standi. 

Iresine leptoclada (Hook, f.) Henrickson & Sundberg 
Iresine orientals G.L. Nesom 
Pfaffia acutifolia (Moq.) Stutzer 
Pfaffia eriocephala Suess. 

Pfaffia townsendii Pedersen 
Vdestromia lanuginosa (Nutt.) Standley 


Alpine, Texas, BPM 3434 (ISC) 

Tarrant Co., Texas, Ruth 977 (ISC) 

Sonora, Mexico, Palmer 276 (GH l 

St. John, Virgin Islands, Acevedo-Rodriguez2568 (NY) 

Coamo, Puerto Rico, Briiton & Britton 9032 (NY) 

St. Maarten, Netherlands Antilles, Mori 26444 (NY) 
San Luis Potosi, Mexico, Pringle 3962 (NY) 

El Paso, Texas, Wright 589 (GH ! 

Nuevo Leon, Mexico, Palmer 1133 (NY) 

Brazil, Gardner 2294 (K) 

Neguange, Colombia, Smith 2095 (NY) 

Goias, Brazil, Irwin 12611 (NY) 

Mustang Island, Texas, BPM 3459 ( ISC) 


RESULT" 


Phyllotaxy. —Phyllotaxy is variable within the family, which possesses both alternate- and opposite- lea 
taxa. Within Amaranthoideae, all members of tribe Celosieae and subtribe Amaranthinae were obseru’uto 
have alternate leaves, however subtribe Aervineae is polymorphic for phyllotaxy, having both alternate- ana 
opposite-leafed taxa. All members of the Gomphrenoideae were observed to have opposite leaves (TaWe 

3). 

Leaf Equality. —Anisophylly was observed to occur in some opposite-leaved taxa of GomphrenoiTv 
(I able 3). One genus, AftgtfU#uhera, was observed to be polymorphic for isophylly/anisophylly (Table 3). The 
average leaf length ratio of leaf pairs at a node in isophyllous taxa was 0.94: 1, while the average leaf length 
ratio of leaf pairs at a node in anisophyllous taxa was 0.59: 1 (Table 4). Inequality of leaves is thus extrenkK 
pronounced, with one leaf of a pair measuring nearly twice the size of the second. Two-sample t-Tests wt 


statistically significant at p< 0.0001, assuming both equal (DF=31) and unequal (DF= 8.48) variances 

Branching Pattern. —Primary and higher order branching was isocladic in all alternate-leaved tJ 

Branching pattern in opposite-leaved taxa was variable, with both isocladic and anisocladic branchings 

terns occurring within the Gomphrenoideae. Anisocladic branching in opposite-leaved taxa was observe 

only in taxa with anisophyllous leaves (Table 3). One genus, Alternanthera , was polymorphic for 
pattern (Table 3). 

Buds developing into branches in anisocladic taxa were always subtended by the larger leal 
anisophyllous leaf pair. These lateral branches in turn bore opposite, anisophyllous leaves and inflorescen^ 

ML m 

and could also bear secondary and higher order branches (Fig. 1). Secondary and higher order branc e* 
follow the pattern of anisoclady, as these branches are also subtended by the larger leaf of an anisophd W 
leaf pair. Taxa exhibiting anisophylly and anisoclady superficially resemble an alternate phyllotaxy 
larger leaves and their associated branches alternate sides along the axis of the stem (Fig. D* 


f th«' 


DISCUSSION 


Anisophylly and anisoclady are lairly common character states within subfamily uomphrenoideae- Char 
state optimizations of phyllotaxy on an independently derived phylogeny based on plastid rulhFgene stq 
data (Pratt 2003) show that the character has undergone several transitions. Unfortunately, the ^ 
of these stales has rarely been noted in the literature, except for the genera Guii/cniineu and Gcsw/ 1 _ 
Hook. (Henrickson 1987, see especially figuresl A-B and 2 A-C; see also the illustrations in Roberston^ 
Clemants 2003 for Alternanthera catacasana , Guilleminea, and Gossypianthus), nor have the character 
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} Phylloiaxy, leaf equality, and Branching in Amaranthaceae. n/a= nonapplicable. 



Phyllotaxy 


Leaf Equality 


Branching 


Amaranthoideae-Amarantheae-Amaranthineae 


*’wnf/ius blitoides 

Alternate 

n/a 

Isocladic 

^oronthus retrofiexus 

Alternate 

n/a 

Isocladic 

loteoyervamora 

Alternate 

n/a 

Isocladic 

: Hmm altissima 

Alternate 

n/a 

Isocladic 

Jwpe/ifiera obovata 

Alternate 

n/a 

Isocladic 

Mrpentiera ovata 

Alternate 

n/a 

Isocladic 


Amaranthoideae-Amarantheae-Aervineae 


xtymthes bldentata 

Opposite 

Isophyllous 

Isocladic 

'wojovonica 

Alternate 

n/a 

Isocladic 

ikcxema copi tula to 

Alternate 

n/a 

Isocladic 

'iototnchium hum He 

Opposite 

Isophyllous 

Isocladic 

^ndioka heudeloiii 

Opposite 

Isophyllous 

Isocladic 

Rictus obovatus 

Alternate 

n/a 

Isocladic 

PupoliQ lappacea 

Opposite 

Isophyllous 

Isocladic 

^anthoideae-Celosieae 




•idosio argenrea 

Alternate 

n/a 

Isocladic 

Wtfigia polysperma 

Alternate 

n/a 

Isocladic 

wbstaedtia glauca 

Alternate 

n/a 

Isocladic 

■ • - 'cvetalum sprucei 

Alternate 

n/a 

Isocladic 


%nanthera albida 
WftfiontherQ areqipense 
tfemnthera bettzickiana 
tfcmanthera brasiliana 
^mnthera corocosana 


Gomphrenoideae 


"towonthero ficoidea 
^ttnonthera morongii 

*temanthera philoxeroides 
fama nthera polygonoides 

yw feltt pungens 

repens 

ttowwhera sessilis 
^^thero tenella 

vermicularis 
^ h >o flondano 


I print 


Qlbiflora 

Pbrena arborescens 







no globose 


r ~r 



fW'eno pungens 

f^Qhrtna serrata 
P^ r 6f)o silenoides 

^onthus lanuginosa 

ir&J densa 

Ofternt folio 

IQ 






?QF gentQta 
^ diffusa 





/** 


epiocladt 


if • j 


'^ntah 




folia 

:«V ‘ er ’°cpphala 
^° to #nsendii 


— <t>rr)fQ toiugmosa 


Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Opposite 
Alternate 
Opposite 
Opposite 
Opposite 
Opposite 
Alternate 
Opposite 
Opposite 
Opposite 
Opposite 
Oppos 


Isophyllous 

Isophyllous 

Isophyllous 

Isophyllous 

Anisophyllous 

Isophyllous 

Anisophyllous 

Isophyllous 

Isophyllous 

Anisophyllous 

Anisophyllous 

Isophyllous 

Anisophyllous 

Isophyllous 

Isophyllous 

Isophyllous 

Isophyllous 

Isophyllous 

Isophyllous 

Isophyllous 

Isophyllous 

Isophyllous 

Anisophyllous 

Anisophyllous 

na 

Isophyllous 

Isophyllous 

Isophyllous 

Isophyllous 

na 

Isophyllous 

Isophyllous 

Isophyllous 

Isophyllous 

Anisophyllous 


Isocladic 

Isocladic 

Isocladic 

Isocladic 

Anisocladic 

Isocladic 

Anisocladic 

Isocladic 

Isocladic 

Anisocladic 

Anisocladic 

Isocladic 

Anisocladic 

Isocladic 

Isocladic 

Isocladic 

Isocladic 

Isocladic 





Isocladic 

Isocladic 

Isocladic 

Anisocladic 

Anisocladic 

Isocladic 

Isocladic 

Isocladic 

Isocladic 

Isocladic 

Isocladic 

Isocladic 

Isocladic 

Isocladic 

Isocladic 

Anisocladic 
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TxBtf 4, Leaf length ratios of equal and unequal leaf pairs in Gomphrenoideae. 


leaf Equality 

Leaf Pair Ratio 

Alternanthera albido 

Isophyllous 

0.95:1 

Alternanthera areqipertse 

Isophyllous 

0.99:1 

Alternanthera bettzickiana 

Isophyllous 

0.98:1 

Alternanthera brasiiiana 

Isophyllous 

0.93: 1 

Alternanthera ficoidea* 

Isophyllous 

0.93:1 

Alternanthera philoxeroides 

Isophyllous 

1.00:1 

Alternanthera polygonotdes 

Isophyllous 

0.90:1 

Alternanthera sessilis 

Isophyllous 

0.98:1 

Blutaparon vermicularis 

Isophyllous 

0.92:1 

Froelichia floridana 

Isophyllous 

0.93:1 

Gomphrena albiflora 

Isophyllous 

0.97:1 

Gomphrena arborescens 

Isophyllous 

0.92:1 

Gomphrena globosa 

Isophyllous 

0.96:1 

Gomphrena lutea 

Isophyllous 

0.89:1 

Gomphrena pungens 

Isophyllous 

0.96:1 

Gomphrena serrata 

Isophyllous 

0.94:1 

Gomphrena silenoides 

Isophyllous 

0.95:1 

Iresine angustifolia 

Isophyllous 

0.93:1 

Iresine argentata 

Isophyllous 

0.89:1 

Iresine diffusa 

Isophyllous 

0.97:1 

Iresine grandis 

Isophyllous 

0.96:1 

Iresine orientalis 

Isophyllous 

0.96:1 

Pfaffia acutifolia 

Isophyllous 

0.86:1 

Pfaffia eriocephala 

Isophyllous 

0.90:1 

Pfaffia townsendii 

Isophyllous 

0.97:1 

Average Leaf Ratio 

0.94:1 


Alternanthera caracasana 

Anisophyllous 

0.59:1 

Alternanthera morongii 

Anisophyllous 

0.54:1 

Alternanthera pungens 

Anisophyllous 

0.54:1 

Alternanthera repens 

Anisophyllous 

0.57:1 

Alternanthera tenella 

Aniosphyllous 

0.68:1 

Gossypianthus lanuginosa 

Anisophyllous 

0.54:1 

Guilleminea densa 

Anisophyllous 

0.69:1 

Tidestromia lanuginosa 

Anisophyllous 

0.56:1 

Average Leaf Ratio 

0.59:1 



* Average was calculated from only two leaf pairs 


used in taxonomic treatments, despite the fact that they may be of some taxonomic utility. The unrept 

\ct \\ idespffcad presence ol amsophylly and anisoelady within the Amaranihaccuc W9S somewhat i 

ing, but underscores the great need for critical morphological examination of the Amaranthaceae 
ifor its sister family the Chenopodiaceae 

(Pratt 

V * *** S iwt&mdif tH 

2003, Muller & Borsch 2005) have recovered a strongly supported monophyletic Gomphrenoide- ^ 
relationships of the Gomphrenoideae (opposite leaves) with opposite-leaved taxa of the Aervineac 
certain. Strict consensu> places many of the Aervineae as sister to Gomphrenoideae, although relation- 

with the Aervineae-Gomphrenoideae clade are currently unresolved (Pratt 2003; Kadereit 2003' 


/ — * K VV V^V « 

Molecular phylogenetic analyses of the Chenopodiaceae-Amaranthaceae alliance 

K. JH ■ II ’ 1 ~~ A 


Borsch 2005, Sage et al. 2007). Anisophylly and anisoelady were restricted to the Gomphrene 
sur\ cy of the Amaranthaceae, Because the characters have been previously unreponed, their presen 
a taxon cannot be ruled out based on prior literature. 


■ . »hrt 

# iri jiv* 3 
c iu 


vvi 


f M f 1 1 
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of anisophyfly and anisodady in Amaranthaceae. d. Schemata diagram of anisophylly and antodad,. >. 6mm ** 

^Pungent, 11= larger leaf; sl= smaller leaf; i= flower or inflorescence; 1=primary stem axis, 2 secon ary axis. 
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Tabu 5 Leaf position and photosynthetic patterns in Gomphrenoideae, !NT= Intermediate photosynthetic pathway, taxa in boldface^ taxa exhibiting anisophylly and inisfr 


dady 


C3 INT C4 


Alternanthera bettzickiana 

Alternanthera ficoidea 

Alternanthera albida 

Alternanthera brasiliana 

Alternanthera tenella 

Alternanthera caracasana 

Alternanthera philoxeroides 


Alternanthera morongii 

Alternanthera sessilis 


Alternanthera pungens 

Iresine angustifolia 


Alternanthera repens 

1 resine diffusa 


Blutaparon vermicularis 

Pfaffia acutifolia 


Froeiichia floridona 

Pfaffia townsendii 


Gomphrena albiflora 
Gomphrena arborescens 
Gomphrena giobosa 
Gomphrena lutea 

Gomphrena pungens 
Gomphrena serrata 
Gomphrena silenoides 
Gossypianthus lanuginosa 
Guilleminea densa 
Tidestromia lanuginosa 



Anisophylly and anisoclady may be taxonomicaliy significant both within and among genera 


of the 


Gomphrenoideae. Several other characters known to be associated with anisophylly have yet to be roves* 
tigated including: stem symmetry (radial vs. dorsiventral); pattern of leaf symmetry R 

Strobilanthus Rchb., or PtBionid Gaudich. types); anatomy; and developmental pattern (see Dengler 19991.’ 
an in depth treatment of these characters). 

The literature designates two general types of anisophylly: habitual anisophylly characterized by 
anisophylly expressed throughout the entire plant body; and lateral anisophylly characterized by art up¬ 


right, tsophyllous, orthocladic primary axis, the expression of anisophylly and anisoclady being lirnite 

A t “l 1 I » 


U ’ r / ' J LUC V A JJIUll 1 CA l I l i > A L J — ; ^ 

to plagiotropic lateral shoots (Sanchez-Burgos & Dengler 1988; Morgan & Dengler 1988; Dengler V& 


Both types of anisophylly may occur within the Amaranthaceae. Habitual anisophylly is characteristic 
plants with a creeping growth habit (e.g., Alternanthera p.p. t Guilletninea , and G anc ^ len 
be consistently expressed within species (Dengler 1999). Lateral anisophylly may occur among planb vv 11 
an upright habit (e.g., Alternanthera p.p. and Tidestromia) and may be environmentally influenced (Deng* 

1999). 

The presence of anisophylly and anisoclady within Gomphrenoideae appears to be correlated to 
synthetic pathway The genera here reported to possess the anisophyllous and anisocladic characters 
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nunthmi p.p , Gossy|rfoiUhus, Guilleminea, and Tidesfromia) all possess the O photosynthetic pathway t 

sub&P&d 1 *** 0 

a monophyletic Ca clade and a monophyletic C 4 clade and contains a few species exhibiting an interro' 
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5; Sage et al. 2007). Sage et al. (2007) report that Alternanthera is monophyletic and can 


ate pathway. Photosynthetic pathway is known (Sage et al. 2007) for eleven of the species of Atol 
examined here. All of the Cl taxa exhibited isophylly and isoclady, one of the two intermediates h ^ 
anisophyllous and anisocladic states, and all but one of the C 4 taxa were anisophyllous and arusoc 
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(Table 5 ). 
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The presence of anisophylly and anisoclady within the Gomphrenoideae bears on hypotheses o ^ 
adaptive signify ance It has been proposed that these characters are adaptations for increasing fight £ al 
potential in forest understory plants, and in the prevention of self-shachng (Dengler 1999). However, 
the plants for which anisophylly and anisoclady are herein reported exhibit the C 4 photosynthetk p 
>agp et al. 2007), and many are native to xeric environments with bright, full sun. Any hypothe- 
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adaptive significance of anisophylly and anisoclady within the Gomphrenoideae must also take into account 
ihecorrelation of these characters with photosynthetic system. 
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